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TRANSISTOR CONFIGURATION FOR A 
BANDGAP CIRCUIT 

BACKGROUND OF THE INVENTION 

Field of the Invention 
The invention relates to a transistor con?guration for 

bandgap circuits. 
Bandgap circuits are used so that precise reference volt 

ages can be provided. Precise reference voltages are needed 
in many ?elds of technology, for example, in analog evalu 
ation circuits and in the ?eld of digital circuits. The provi 
sion of a precise reference voltage is also required in the 
?eld of semiconductor memory components, for example, in 
DRAM memory components, so that a precise and fast 
functionality of the DRAM memory component can be 
guaranteed. 

Bandgap circuits are described, for example, in TietZe and 
Schenk, 9th edition, Springer-Verlag, Ch. 18.4.2 (ISBN 
3-540-19475-4). In bandgap circuits, the reference voltage is 
?xed, for example, by a series circuit of a resistor and a 
transistor. The resistor has a positive temperature coef?cient. 
The temperature coefficient of the base-emitter voltage of 
the transistor, conversely, is negative. The resistor and the 
transistor are chosen in such a Way that the temperature 
coef?cients have the same magnitude, but different signs. 
For a ?xed reference voltage, Which is ?xed by the material 
of the transistor, the temperature coef?cient of the reference 
voltage is “0”. The reference voltage is therefore indepen 
dent of the temperature. 
German Published, Non-Prosecuted Patent Application 

DE 4111 103 A1, corresponding to US. Pat. No. 5,229,710, 
discloses a CMOS bandgap reference circuit, With Which a 
substantially temperature-independent reference voltage is 
generated. In this case, the bandgap circuit uses a parasitic 
bipolar transistor. An n-conductive Well is provided in a 
positively conductive semiconductor substrate. The Well 
contains more heavily doped Zones With positive conduc 
tivity and more heavily doped Zones With negative conduc 
tivity. Such a con?guration gives rise to a parasitic vertical 
pnp bipolar transistor, Whose p-type substrate acts as a 
collector. The n-type Well With the heavily doped Zones acts 
as a base and the heavily positively doped diffusion Zone 
acts as an emitter. The construction of the bandgap reference 
circuit is made possible by parallel connection of tWo 
parasitic bipolar transistors and by the use of an operational 
ampli?er and further resistors. The base-emitter voltage of 
the ?rst parasitic transistor has a negative temperature 
coef?cient. The difference betWeen the base-emitter voltages 
betWeen the ?rst and the second parasitic transistors, 
conversely, has a positive temperature coef?cient. The base 
emitter voltage of the ?rst transistor and the difference of the 
base-emitter voltages of the transistors are used as input 
signals for the operational ampli?er. The negative and 
positive temperature coef?cients are balanced through a 
suitable choice of the resistances, so that there is no depen 
dency of the reference voltage on the temperature in a 
reference circuit, Which corresponds to the bandgap of 
silicon. 

SUMMARY OF THE INVENTION 

It is accordingly an object of the invention to provide a 
transistor con?guration for use in a bandgap circuit that 
overcomes the hereinafore-mentioned disadvantages of the 
heretofore-known devices of this general type and that has 
the advantage that a correspondingly con?gured structure 
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2 
With a ?rst, second and third doped region, Which is sur 
rounded by a semiconductor substrate, is formed in semi 
conductor technology, especially for the production of 
DRAM memory components. The existing structure can be 
used according to the teachings of the invention to form a 
parasitic transistor for a bandgap circuit. It is therefore 
unnecessary to specially produce the embodiment knoWn 
from the prior art, but rather the already existing structure 
can be used to produce the transistor. 

With the foregoing and other objects in vieW, there is 
provided, in accordance With the invention, a transistor 
con?guration for a bandgap circuit containing a substrate 
and a bipolar transistor formed in the substrate. The tran 
sistor has ?rst, second and third doped regions, the ?rst 
doped region embedded in the second doped region, the 
second doped region surrounded by the third region, the 
third region separating the second region from the substrate 
and surrounded by the substrate, and the ?rst and third 
regions doped opposite to the second region and the sub 
strate. 

In accordance With another feature of the invention, the 
?rst and third regions are negatively doped and the second 
region and the substrate are positively doped. In this Way, a 
structure that exists in many embodiments of semiconductor 
components can be used to form a transistor for a bandgap 
circuit. 

In accordance With a further feature of the invention, the 
?rst region is heavily doped and the second and third regions 
are Weakly doped in given Zones. A transistor With good 
electrical properties is made possible by corresponding 
choice of the doping. 

In accordance With a further feature of the invention, there 
is provided a fourth region more heavily doped than the third 
region, having the same polarity as the third region and 
introduced into the third region as a ?rst terminal. A ?fth 
region more heavily doped than the second region, having 
the same polarity as the second region and introduced into 
the second region as a second terminal is also provided. A 
heavily doped sixth region, having the same polarity as the 
?rst region and introduced into the ?rst region as a third 
terminal is also included. 

In accordance With a further feature of the invention, 
heavily doped regions are used to make contact With Weakly 
doped regions. In this Way, a smaller ohmic contact is 
produced betWeen the electrical line and the Weakly doped 
regions. 

In accordance With a further feature of the invention, there 
is provided a resistor having ?rst and second terminals. The 
transistor is connected in series With the second terminal of 
the resistor and is connected to ground as a diode circuit. A 
reference voltage is tapped from the ?rst terminal of the 
resistor. 

In accordance With a further feature of the invention, the 
series connection of the transistor With the resistor forms one 
of tWo current paths of a bandgap circuit. Another transistor 
and a second resistor form another of the tWo current paths; 
the other transistor is connected to ground. 

In accordance With a further feature of the invention, the 
bandgap circuit has a further current path formed in parallel 
With the tWo current paths; the further current path has a 
further transistor con?gured according to the transistor and 
the further transistor is connected to ground. 

In accordance With a further feature of the invention, the 
transistor according to the invention is connected in series 
With a resistor in a ?rst current path. In this case, the 
transistor is connected to ground. The reference voltage, 
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Which is made temperature-compensated by the bandgap 
circuit, can be tapped from the input of the resistor. The 
chosen con?guration provides a straightforward embodi 
ment of the bandgap circuit. 

In accordance With a further feature of the invention, 
further simpli?cation of the bandgap circuit is achieved if a 
second current path is formed from a series circuit of a 
transistor and a resistor. The second current path is a part of 
a current mirror via Which the current ?owing on the second 
current path is also imposed in the ?rst current path. Very 
precise tuning of the temperature coef?cient is possible by 
virtue of the symmetrical construction of the tWo current 
paths. 

Other features Which are considered as characteristic for 
the invention are set forth in the appended claims. 

Although the invention is illustrated and described herein 
as embodied in a transistor con?guration for a bandgap 
circuit, it is nevertheless not intended to be limited to the 
details shoWn, since various modi?cations and structural 
changes may be made therein Without departing from the 
spirit of the invention and Within the scope and range of 
equivalents of the claims. 
The construction and method of operation of the 

invention, hoWever, together With additional objects and 
advantages thereof Will be best understood from the folloW 
ing description of speci?c embodiments When read in con 
nection With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic and block diagram of a bandgap 
circuit; and 

FIG. 2 is a fragmentary, diagrammatic, cross-sectional 
vieW of an npn transistor. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring noW to the ?gures of the draWings in detail and 
?rst, particularly to FIG. 1 thereof, there is shoWn a bandgap 
circuit (and its parts), Which is supplied With a supply 
voltage at a ?rst terminal 1 and Which provides, at a second 
terminal 2, a substantially thermally compensated output 
voltage that constitutes the reference voltage. The bandgap 
circuit contains a ?rst, second and third current path I1, I2, 
I3. Further circuit parts, Which are connected to the ?rst, 
second and third current paths, are used to balance the 
voltage betWeen the ?rst and the second current paths, and 
they ensure that same strength of current ?oWs through the 
?rst, second and third current paths I1, I2, I3. In order to 
balance the voltages at a ?rst voltage point P1 of the ?rst 
current path I1 and at a second voltage point P2 of the 
second current path I2, a voltage balancing circuit 3 is 
provided, Which sets the voltages at the voltage points P1 
and P2 to be equal. 

Furthermore, a current control circuit 4 is provided, Which 
sets currents in the ?rst, second and third current paths I1, I2, 
I3 to be equal. The current control circuit 4 constitutes, 
together With the second current path I2, a current mirror by 
Which the current ?oWing in the second current path is 
mirrored into the third current path I3. The third current path 
I3 is connected to the second terminal 2. 
A third resistor R3 and a third transistor T3 are also 

connected in series in the third current path I3. The third 
transistor T3 is con?gured as an npn bipolar transistor. The 
collector of the third transistor T3 is joined to the base 
terminal of the third transistor T3, and it is linked to a second 
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4 
terminal of the third resistor R3. An emitter terminal of the 
third transistor T3 is connected to a ground potential. 

The second current path I2 has a series circuit of a second 
resistor R2 and a second transistor T2. Preferably, the second 
transistor T2 is constructed identically to the third transistor 
T3, and is connected in the same Way With the second 
resistor R2 and the ground potential. 
The ?rst current path I1 has a ?rst transistor T1, Which, 

like the third transistor T3, is con?gured as an npn transistor. 
The base terminal and the collector terminal of the ?rst 
transistor T1 are electrically conductively connected to one 
another and are joined to the ?rst current path I1. The emitter 
terminal of the ?rst transistor T1 is linked to the ground 
potential. 

The reference voltage UR, Which is set up at the second 
terminal 2, is calculated according to the folloWing formula: 

Where AI3 denotes the current strength through the third 
current path I3 and UBE3 denotes the voltage drop betWeen 
the base and the emitter of the third transistor T3. With the 
assumption that AI3=AI1=AI2, i.e., the currents through the 
?rst, second and third current paths I1, I2, I3 are equal, the 
folloWing formula can be used for the current AI2, Which 
denotes the current through the second current path I2: 

Where UT denotes the thermal voltage, AT2 denotes the area 
of the base-emitter contact of the second transistor T2, AT1 
denotes the area of the base-emitter contact of the ?rst 
transistor T1, and in denotes the logarithm. 
The differential voltage AU across the second resistor R2 

is calculated according to the folloWing formula: 

Where UBE1 denotes the voltage drop betWeen the base 
terminal and the emitter terminal of the ?rst transistor T1, 
and UBE2 denotes the voltage drop betWeen the base and the 
emitter terminals of the second transistor T2. UT denotes the 
bandgap voltage of the material from Which the transistors 
are constructed. 

On the basis of the available relationships, it is possible to 
calculate a reference voltage for Which the reference voltage 
is independent of the temperature. These dependencies are 
suf?ciently Well knoWn, and they Will therefore not be dealt 
With further herein. 
A special feature of the proposed circuit lies in the 

embodiment of the three current paths I1, I2, I3 and in the 
use of the particular embodiments of the ?rst, second and 
third transistors T1, T2, T3. In the described exemplary 
embodiment of FIG. 1, the three transistors are represented 
as npn transistors. The invention is not, hoWever, restricted 
to the use of npn transistors, but rather pnp transistors or a 
mixture of npn and pnp transistors may also be used. 
An advantage of the invention is that the structures 

already eXisting in semiconductor components, especially 
DRAM memory components, can be used to form the 
transistors T1, T2, T3. 

FIG. 2 shoWs an embodiment of a ?rst, second or third 
transistor T1, T2, T3. The transistor is con?gured in the form 
of a parasitic bipolar transistor, Which has a ?rst region 5 that 
is embedded in a second region 6. The second region 6 is in 
turn embedded in a third region 7, Which is in turn sur 
rounded by a substrate 8. A fourth region 9, Which has the 
same polarity, but heavier doping than the third region 7, is 
introduced into the third region 7. 
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A?fth region 10, Which has the same polarity but heavier 
doping than the second region 6, is introduced into the 
second region 6. Preferably, the entire ?rst region 5 is 
heavily doped. 
A heavily doped siXth region 20, Which has the same 

polarity as the ?rst region 5, is introduced into the ?rst 
region 5 as a third terminal. 

In the described exemplary embodiment, the ?rst region 
5 is negatively doped, the second and ?fth regions 6, 10 are 
positively doped and the third and fourth regions 7, 9 are 
negatively doped. The substrate 8, in Which the third region 
7 is embedded, is positively doped. In the representative 
embodiment, an electrical connection betWeen the ?rst, 
second and third current paths I1, I2, I3 is produced via the 
fourth and ?fth regions 9, 10. A connection to ground is 
achieved via the ?rst region 5. In this Way, a parasitic bipolar 
transistor is produced betWeen a buried plate 11 of the third 
region 7, the second region 6 and the ?rst region 5. In this 
case, the buried plate 11 constitutes the collector terminal, 
the second region 6 constitutes the base terminal and the ?rst 
region 5 constitutes the emitter terminal of the parasitic 
bipolar transistor. 

Instead of the embodiment represented in FIG. 2, the ?rst, 
the third and the fourth regions may also have positive 
doping, and the second and the ?fth regions 6, 10 may have 
negative doping. 

In the exemplary embodiment, the base terminal is 
formed by an insulated p-type Well and the emitter terminal 
is formed by a buried n-type Well. This structure eXists in the 
DRAM process, and it can therefore advantageously be 
used. This structure also offers the advantage that, due to the 
formation of the p-type Well as a base terminal, the bipolar 
transistor has a small base Width and a smaller collector 
impedance. Consequently, the current gain is increased. 
Further, this reduces the band impedance of the bipolar 
transistor, connected as a diode, as shoWn in FIG. 1. 

In this Way, parasitic npn bipolar transistors are advanta 
geously used as footprint diodes in bandgap circuits for the 
provision of a temperature compensated-reference voltage. 

The transistors T1, T2, T3 are preferably formed in a 
semiconductor material, for example, silicon. It is, hoWever, 
also possible to use other materials, Which provide corre 
sponding doping and electrical properties, so that a desired 
parasitic bipolar transistor is formed. 
We claim: 
1. A transistor con?guration for a bandgap circuit com 

prising: 
a substrate, a bipolar transistor formed in said substrate, 

said transistor having ?rst, second and third doped 
regions; 

said ?rst doped region embedded in said second doped 
region; 

said second doped region surrounded by said third region; 
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6 
said third region separating said second region from said 

substrate and surrounded by said substrate; 
said ?rst and third regions doped opposite to said second 

region and said substrate, said ?rst and third doped 
regions being negatively doped and said second region 
and said substrate being positively doped; and 

said third region containing a buried plate disposed beloW 
said second doped region, said bipolar transistor being 
formed by said ?rst doped region functioning as an 
emitter terminal, said second doped region functioning 
as a base terminal, and said buried plate functioning as 
a collector terminal. 

2. The transistor con?guration according to claim 1, 
Wherein said ?rst region is heavily doped and said second 
and third regions are Weakly doped in given Zones. 

3. The transistor con?guration according to claim 1, 
Which further comprises: 

a fourth region more heavily doped than said third region, 
having the same polarity as said third region and 
introduced into said third region as a ?rst terminal; 

a ?fth region more heavily doped than said second region, 
having the same polarity as said second region and 
introduced into said second region as a second termi 
nal; and 

a heavily doped siXth region, having the same polarity as 
said ?rst region and introduced into said ?rst region as 
a third terminal. 

4. The transistor con?guration according to claim 1, 
Which further comprises: 

a resistor having ?rst and second terminals; 
said transistor connected in series With said second ter 

minal of said resistor and connected to ground as a 
diode circuit; and 

a reference voltage tapped from said ?rst terminal of said 
resistor. 

5. The transistor con?guration according to claim 4, 
Wherein: 

said series connection of said transistor With said resistor 
forms one of tWo current paths of a bandgap circuit; and 

another transistor and a second resistor form another of 
the tWo current paths, and said another transistor is 
connected to ground. 

6. The transistor con?guration according to claim 5, 
Wherein: 

the bandgap circuit has a further current path formed in 
parallel With the tWo current paths; and 

the further current path has a further transistor con?gured 
according to said transistor, and the further transistor is 
connected to ground. 


